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Materials and Methods
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Mouse colony and handling 4 0 0 All experiments were approved by the Swedish Board of Agriculture (#S5-14) and performed 4 0 1 in accordance to the ethical licence. Plag1KO mice (Hensen et al., 2004) , backcrossed to the 4 0 2 CD1 strain, were a kind gift from Prof. Wim Van de Ven (University of Leuven, Belgium) and 4 0 3
Dr. Carol Schuurmans (University of Calgary, Canada). The local colony at Karolinska 4 0 4
Institutet was established through embryo transfers. HET animals were kept in continuous 4 0 5 breeding, and the litters were earmarked, weaned and weighed at the age of 3−4 weeks. Ear 4 0 6 punches were used for genotyping with primers Plag1MT_F (5'-4 0 7 CAGTTCCCAGGTGTCCAACAAG-3'), Plag1MT_R (5'-AATGTGAGCGAGTAACAACCCG-4 0 8 3'), Plag1WT_F (5'-CGGAAAGACCATCTGAAGAATCAC -3'), and Plag1WT_R (5'-4 0 9 CGTTCGCAGTGCTCACATTG -3'). The animals were housed in standard conditions 4 1 0 (19−21°C, 55% humidity, lights 6:00 am−6:00 pm) with free access to feed (irradiated Global 4 1 1 18% diet 2918; Envigo, Huntingdon, UK) and tap water. In all experiments, animals were 4 1 2 sacrificed by cervical dislocation. 4 1 3
Superovulation and embryo imaging 4 1 4
Sexually mature 1-3 months old Plag1KO and WT females were superovulated by i.p. 4 1 5 injections of 5 IU pregnant mare serum (Folligon; Intervet, Dublin, Ireland), followed two days 4 1 6 later by 5 IU human chorionic gonadotropin (hCG) (Chorulon; Intervet, Dublin, Ireland), and 4 1 7 mated with trained WT studs. MII oocytes (no mating) and zygotes were collected from 4 1 8 oviducts the following morning and their numbers recorded. Cumulus cells were removed 4 1 9 with hyaluronidase (0.3 mg/ml, Sigma-Aldrich, St.Louis, MO, USA) treatment. For imaging, 4 2 0 zygotes were placed 2−4 per well into Primo Vision embryo culture dishes (Vitrolife, 4 2 1 Göteborg, Sweden) under a Nikon Ti-E spinning disk wide-field microscope with a live-cell 4 2 2 imaging incubator. The microscope was programmed to take bright-field images every 30 4 2 3 min with an Andor EM-CCD camera using the 20× objective for a total of 90 h 30 min. The 4 2 4 imaging was repeated three times with embryos from a total of 5 Plag1KO (providing 103 4 21 9 embryos) and 6 WT (providing 89 embryos) females with both genotypes present at every 4 2 6 session. Cleavage events until the 8c stage were scored manually from the images by a 4 2 7 researcher blind to the genotypes. 4 2 8
Histological assessment of ovaries and uteri 4 2 9
Ovaries and uteri were collected during superovulation experiments, their weights recorded, 4 3 0 and tissues stored in 4% (w/v) paraformaldehyde. Fixative was changed to 70% ethanol, 4 3 1 tissue embedded in paraffin and processed to 4-µm hematoxylin-eosin stained sections, and 4 3 2 the slides were digitalized with Mirax Slide Scanner (Zeiss, Göttingen, Germany). Transverse 4 3 3 sections from the middle of the uterine horn were used for histological examination. One 4 3 4 section from the middle of the ovary was used for assessment of follicles in different 4 3 5 developmental categories (preantral, antral, atretic and corpora lutea) and their number 4 3 6 adjusted for the ovary surface area using Pannoramic Viewer software (3DHistech, 4 3 7
Budapest, Hungary). Altogether, 22 Plag1KO and 13 WT animals were used for ovary 4 3 8 assessment, and 8 Plag1KO and 8 WT for uterus histology. 4 3 9 X-gal staining 4 4 0 Ovaries were collected from 3 Plag1KO and 3 WT females, aged 5 months, fixed, 4 4 1 cryosectioned and subjected to X-gal staining and Nuclear Fast Red counterstaining as 4 4 2 described before (Juma et al., 2017) . 4 4 3
Implantation study 4 4 4
Plag1KO and WT females, aged 2-4 months, were mated with trained WT studs. The uteri 4 4 5 were collected 7.5−8.5 dpc and the number of implantation sites counted. The experiment 4 4 6 was carried out twice, with a total of 8 Plag1KO and 8 WT females. embryos, and 15 8c stage embryos for both matPlag1KO and WT (Table S1 ). Two separate 4 6 0 46-plex libraries (libA and libB) were made as described previously (Krjutskov et al., 2016) 4 6 1 with the following modifications: barcoded 10 µM template-switching oligonucleotides were 4 6 2 added prior to reverse transcriptase, ERCC spike-in Mix A was diluted 15,300-fold with clean 4 6 3 water, and 1 µl was taken per library reverse transcriptase master mix. Twenty cycles of PCR 4 6 4 were used for the first round of amplification and ten additional cycles for the second round to 4 6 5 introduce Illumina-compatible universal sequences. Both libraries contained all 4 6 6 developmental stages and genotypes. 4 6 7
Uterus RNA-seq 4 6 8 Uterine horns from 8 Plag1KO and 8 WT females used in the superovulation experiments 4 6 9 were collected in RNAlater (Ambion, Foster City, CA, USA). At dissection, uterine horns were 4 7 0 cut in half longitudinally, and the endometrial side was gently scraped with a scalpel (Fig.  4 7 1 S1). RNA was extracted with the RNeasy mini kit (Qiagen, Hilden, Germany) and quality 4 7 2 measured with the Agilent 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA).
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Ten nanograms of high-quality RNA (RIN>8) was used for RNA-seq. The RNA-seq was 4 7 4 performed according to the modified STRT protocol (Krjutskov et al., 2016) .
RNA-seq data analysis 4 7 6
The analysis was performed as described previously (Krjutskov et al., 2016) . In short, the 4 7 7 reads were filtered, samples de-multiplexed, UMI-s joined, reads trimmed and mapped to the 4 7 8 reference mouse genome mm9 by TopHat (Kim et al., 2013) . The resulting bam files were 4 7 9 converted to tag directories employing Homer (Heinz et al., 2010) for normalization between the various embryonic cell stages by scaling the library sizes. 4 8 7
EdgeR was also employed for the subsequent differential gene expression analysis, which 4 8 8 was performed on genes that had 1 cpm in at least five or more samples and the rest of the 4 8 9 genes were filtered out. After removing the low expressing/unexpressed genes, the gene 4 9 0 counts were renormalized. 4 9 1
Principal component analysis was performed in R by using the genes that were significant in 4 9 2 any of the comparisons between the genotypes. Heatmaps were plotted on TMM normalized 4 9 3 counts exported from EdgeR and gene expression was standardized across all samples 4 9 4 (mean=0 and sd=1). Samples and genes were clustered using hierarchical clustering in R 4 9 5 and plotted employing the ComplexHeatmap library (Gu et al., 2016) . The same gene set 4 9 6 was used for the cell trajectory (pseudotime) analysis by the monocle package (Trapnell et  4  9  7 al., 2014).
9 8
Gene ontology analysis was carried out in R (R Development Core Team, 2010) with the 4 9 9 topGO library. To identify enriched gene ontology terms, the classic algorithm and Fisher 5 0 0 statistic were used and analysis was carried out on up-and downregulated genes separately. 5 0 1
Semantic similarity between the GO terms was calculated using the Wang algorithm in 5 0 2
GOSemSim bioconductor package (Yu et al., 2010) . The result is given as the best match 5 0 3 average (BMA) score that ranges from 0 to 1. 5 0 4
Gene set enrichment analysis was conducted to test whether the mouse genes homologous 5 0 5
to the human genes regulated between the 4c and 8c stage were also regulated in mouse was calculated with the Fisher test in R. Genes were also converted to protein families using 5 1 2 the bioconductor libraries for genome-wide annotation for human and mouse 5 1 3 (org.Hs.eg.db/org.Mm.eg.db). For genes that had more than one protein family annotated to 5 1 4 them, only one of the protein families was used in order not to inflate the number of 5 1 5 overlapping or non-overlapping families between the different gene groups. 5 1 6
Promoter analyses 5 1 7
Human embryo promoter sequence analysis was performed as previously described 5 1 8 (Tohonen et al., 2015) . In brief, the de novo motif was compared with known motifs by 5 1 9
TomTom (Gupta et al., 2007) . We applied MEME (Bailey and Elkan, 1994) were scanned for the presence of the motifs from 2,000 bp upstream to 500 bp downstream 5 3 2 of the transcriptional start site. Enrichment was analysed using Fischer's exact test. 5 3 3 SuperSeries record under the reference GSE111040. 
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